), showed that surviving rat diaphragm can synthesize glycogen from added glucose. The rate of this synthesis may be increased by addition of insulin in vitro. Following these findings the in vitro synthesis of glycogen from glucose as well as glycogenolysis by muscle were further investigated. It was proposed to examine (a) the influence of the composition of the medium, and especially the effect ofpotassium, on these reactions, (b) the influence of adrenaline, (c) the effect ofinsulin in normal animals, and (d) the synthesis of glycogen and glycogenolysis in diaphragms from alloxandiabetic rats.
(Received 2 May 1947) Gemmill (1940, 1941) and Gemmill & Hamann (1941) , confirmed by Hechter, Levine & Soskin (1941) and by Stadie (1944) , showed that surviving rat diaphragm can synthesize glycogen from added glucose. The rate of this synthesis may be increased by addition of insulin in vitro. Following these findings the in vitro synthesis of glycogen from glucose as well as glycogenolysis by muscle were further investigated. It was proposed to examine (a) the influence of the composition of the medium, and especially the effect ofpotassium, on these reactions, (b) the influence of adrenaline, (c) the effect ofinsulin in normal animals, and (d) the synthesis of glycogen and glycogenolysis in diaphragms from alloxandiabetic rats.
Cross & Holmes (1937) and Ostern, Herbert & Holmes (1939) found that liver slices can synthesize glycogen in vitro from added glucose. Hastings & Buchanan (1942) demonstrated that in rat-liver slices this synthesis takes place only in a potassiumrich, sodium-free medium, corresponding in ionic composition to intracellular fluid. In a medium resembling extracellular fluid no synthesis of glycogen takes place. Saxton & Miller (1944) showed that even under optimal conditions this synthesis of glycogen depends on the time interval which elapses between the death of the animal and the beginning of the experiment in vitro. On the basis of these experiments the synthesis of glycogen and glycogenolysis in rat-liver slices were studied in vitro, and were compared with the same processes in the diaphragm. EXPERIMENTAL Method8 Preparation of the diaphragm. Male albino rats of laboratory stock weighing 80-120 g. were used. The animals were anaesthetized with nembutal (pentobarbital) and bled. The diaphragm was quickly excised and two equal portions were weighed. In control experiments with both halves incubated under identical conditions, we observed the same deviations as were reported by Gemmill (1940) . Dividing the diaphragm of older rats into three or more equal parts proved to be unreliable.
Media for incubation. (a) Buffered 8alt 8olution8. The diaphragm samples were incubated according to Gemmill (1940) at 380 in a medium described by Gey & Gey (1936) and modified by Gemmill (1940) . Its composition was: 0-7 % NaCl, 0-037 % KCI, 0-227 % NaHCO3, 0-017% CaC12, 0-015% Na2HPO4, and 0.003% KH2PO4 (all % w/v). This medium was similar to the solution described by Van Dyke & Hastings (1928) , and resembled body fluid in its ionic composition. It is referred to here as 'extracellular solution'. In our experiments modifications of this solution by addition or removal of an ion were compensated for by corresponding changes in NaCl content. With a modification of this solution, containing only 0.74% NaCl, 0-015% Na2HP04 and 0003% NaH2PO4, we obtained optimal synthesis of glycogen by rat diaphragm in vitro. This solution is called 'phosphate buffered saline'. The glucose content of the media was usually 100 mg./100 ml., the concentration most favourable according to Hechter et al. (1941) for the demonstration of the insulin effect.
(b) Serum. For 'normal serum' pooled human serum was generally used, its glucose content being adjusted to 100 mg./100 ml. No differences were found with respect to synthesis of glycogen between sera of various animals, and fresh rabbit or rat s,era were also used. When comparing synthesis in normal and diabetic serum, only freshly prepared rat serum was used, and the glucose content of the normal serum was adjusted to that of the diabetic serum. In another series of experiments the synthesis of glycogen in normal serum was investigated at a glucose concentration of 800 mg./100 ml., this being the mean serum glucose content in a series of ailoxan-diabetic rats. The diaphragms of normal and alloxan-diabetic rats are termed ' normal diaphragm' and 'diabetic diaphragm', respectively, and the sera of these animals are similarly designated.
Bicarbonate-containing buffer media and sera were aerated with a gas mixture containing 95%°0 and 5 % C02, the bicarbonate-free phosphate-buffered saline with 02. All solutions proved to be sufficiently buffered, and the experiments were carried out at a pH of approximately 7-4. No significant changes in pH were found after'3 hr. incubation with diaphragm even in unbuffered 0-9% NaCl. A concentrate of rat serum of approximately double strength was prepared according to Kanner (1946) The incubation of liver slices. Experiments on liver slices were carried out in the 'intracellular solution' described by Hastings & Buchanan (1942 (Dixon, 1943) 
RESULTS
(1) Influence of the composition of the medium, and especially of the potasium content on glycogen synthests and glycogenolysis Removal of potassium from the 'extracellular solution' resulted in an increased synthesis of glycogen from glucose in rat diaphragm. Not only was the presence of calcium unnecessary for the synthesis of glycogen, but in a calcium-free medium the {D E. WERTHEIMER IW48 synthesis was even slightly improved, the increase being 20%±8 in 13 experiments. NH' had the same inhibiting effect as potassium. Optimal synthesis was observed in our experiments in phosphate-buffered saline. Two-or threefold increase in the potassium content of the 'extracellular solution' nearly always resulted, in complete inhibition of glycogen synthesis (Table 1 ). In the 'intracellular' potassium-rich, sodium-free medium, described by Hastings & Buchanan (1942) , intensive glycogenolysis occurred instead of synthesis, and was. already manifest after 15 min. On the other hand, as demonstrated by these authors, glycogen synthesis in rat-liver slices takes place only in the intracellular medium. If in these experiments with liver slices part of the KCI is replaced by NaCl, glycogen synthesis is inhibited, but still demonstrable. With 'intracellular solution' glycogen can still be synthesized by liver brei, but only at the high glucose concentrations of 1-5-2 %. In 13 experiments a mean increase of 0-63 mg. +0-19/g. liver brei was observed. Under no conditions could synthesis of glycogen be obtained in diaphragm brei. Contrary to our findings in the diaphragm, Ostern et al. (1939) , working with liver slices, noted that the removal of calcium resulted in inhibition of glycogen synthesis.
Glycogen synthesis in the diaphragm was optimal at pH 7-4, and decreased by 13% ± 7 at pH 6-8. If serum was used as medium the synthesis of glycogen in the diaphragm was ofthe same order ofmagnitude as in phosphate-buffered saline (Table 1) . Although the potassium content of serum is the same as that of the 'extracellular solution', no inhibitory effect could be observed with serum. Two-or threefold increase of the serum potassium, however, did result in a decreased synthesis of glycogen. Replacing one third to one fifth of the 'extracellular solution' by serum improved the synthesis of glycogen. No increase in synthesis could be induced by addition of serum to phosphate-buffered saline.
Glycogenolysis was of similar magnitude in phosphate-buffered saline and in serum. Much more intense glycogenolysis was observed with the 'extracellular solution' (Table 2) . 
(2) The influence of adrenaline The addition of adrenaline hydrochloride at a concentration of 0-33 i&g./m1. regularly decreased glycogen synthesis. At concentrations of 0-033 pLg./ml. the effect was irregular-and at 0-0033 ug./ml. it disappeared. Inhibition could already be observed after 1 hr. incubation. Ephedrine at a concentration of 3.3 ,tg./ml. had the same effect as adrenaline, while tyramine at the same concentration did not change the rate of glycogen synthesis. The effect of adrenaline was not dependent on the presence of potassium. Ergotamine tartrate (8.3-10 pg./ml.) abolished the inhibitory effect of adrenaline on glycogen synthesis. Since ergotamine alone inhibits the synthesis of glycogen it must be assumed that its action under the conditions of this experiment is due to its antagonizing effect on adrenaline. Insulin weakened the effect of adrenaline in 8 out of 13 experiments (Table 3) . In a further series of experiments the synthesis values of normal and of diabetic diaphragms, incubated in diabetic and in normal serum (glucose concentration 0-8 %), were determined. The synthesis of glycogen in diabetic diaphragm was significantly diminished in diabetic serum, whereas in normal serum normal synthesis values were obtained. The synthesis of glycogen in normal diaphragm was markedly depressed in diabetic serum.
(5) Respiration of normal and diabetic diaphragms* In phosphate-Ringer solution, with and without glucose, the respiration of diabetic diaphragm was markedly higher than that of normal diaphragm. This result requires an explanation. Since glycogen synthesis differed in serum from that in phosphatebuffered saline, respiration experiments were carried out in normnal and diabetic serum. In normal serum Addition of insulin to diabetic serum produced a marked elevation of the synthesis value in diabetic diaphragm. Since the usual dose of 2 units of insujlin was rather high, some experiments were carried out with one-tenth of this dose, which was found to be still effective. Furthermore, insulin led to an increase in synthesis by normal diaphragm in normal serum at a glucose concentration of 0-8 %. The effect of insulin under these conditions was, however, irregular; only in 5 out of 10 experiments could an increase in synthesis be induced. Incubation in the serum of alloxan-diabetic insulin-treated rats, or in a medium containing equal volumes of diabetic and of normal serum concentrate, resulted in an increase in synthesis in the diabetic diaphragm. Addition of insulin in the'usual or even higher dose had no effect on the synthesis in the diaphragm of alloxandiabetic acidotic rats (Table 6 ). the respiration ofnormal diaphragm was higher than that of diabetic diaphragm, whereas in diabetic serum no difference could be observed. In experiments with serum only the oxygen uptake was measured, since the direct Warburg method proved unsuitable for. the estimation of the CO2 output (Table 7) .
(6) Glycogen synthesis in liver slices of alloxandiabetic rats In this experiment we were handicapped by the fact that the livers of diabetic animals after fasting still contained appreciable quantities.of glycogen (Tuerkischer & Wertheimer, 1946) , and a glycogen content of 0-2-0-3% is considered to be the upper * The respiration experinients were carried out by Mrs I. Salomonowicz-Parnes. 
DISCUSSION
The effect of pota88ium on the synthesis of glycogen and glycogenolysis Potassium in concentrations which are present in extracellular fluid inhibits the synthesis of glycogen from added glucose in rat diaphragm, and complete removal of potassium produces optimal conditions for synthesis. In the liver, on the other hand, synthesis ofglycogenwilltakeplaceonly,inamedium containing appreciable amounts of potassium (Hastings & Buchanan, 1942) , and with this organ the 'extracellular' medium favours glycogenolysis. The same medium thus has an opposite effect on identical processes liver and muscle. Since even physiological quantities of potassium affect synthesis and favour glycogenolysis in the diaphragm, one must assume that potassium is of physiological importance in the regulation of synthesis and breakdown of glycogen. It is known that part of the body potassium occurs in a free condition, and is able to move about in response to changes in membrane equilibrium. For instance a decrease in the potassium content ofworking muscle has been adequately demonstrated by Fenn (1940) and Hahn & Hevesy (1941) . Fenn assumes that, on its way from muscle to liver, potassium migrates together with lactic acid, and on its way from liver to muscle with glucose. Boyer, Lardy & Phillips (1942 , 1943 This effect of insulin on diabetic diaphragm incubated with diabetic serum failed to appear when the diaphragms ofseverely diabeticrats with acidosis were used. In these experiments the known resistance of comatose alioxan-diabetic rats to insulin (Kaplan, Franks & Friedgood, 1945) was corroborated in vitro. In buffered salt solutions, however, no significant difference existed between the synthesis of glycogen in normal and diabetic diaphragms. The effect of insulin on the synthesis in diabetic diaphragm with these media was even smaller than that with normal diaphragm. The insulin effect, always present in buffered salt solution, could not be produced in the normal diaphragm incubated with normal serum. In the diabetic diaphragm this effect was definitely present.
An explanation of most of these findings can be given as follows: in normal serum a factor favouring synthesis of muscle glycogen, possibly insulin, is present, and synthesis cannot be improved by addition of insulin. At high glucose concentrations the amounts of this factor present may not be sufficient, and under these conditions addition of insulin may produce an increase in the synthesis of glycogen. In buffered salt media, therefore, an insulin effect could always be produced. In diabetic serum the concentration of this factor is either diminished, or the factor is absent and synthesis of glycogen is therefore decreased. However, this synthesis can be increased by addition of insulin, or by incubation with serum of insulin-treated alloxandiabetic rats, or by addition of a normal serum concentrate. We can offer no explanation for, the diminished effect ofinsulin in the diabetic diaphragm in buffered salt media.
So far mention has been made only of a factor present in normal and absent from diabetic serum which favours the synthesis of glycogen. But there -still exists the possibility that in normal serum two substances may be present, one favouring and the other inhibiting synthesis. Such an assumption would explaip the fact that syntheses by the normal diaphragm in the optimal buffered saline and in serum are of the same order of magnitude.
Further experiments are required to investigate the validity of this assumption. On the other hand, it is probable that alloxan diabetes may also produce changes in muscle, even if such changes are not apparent in buffered salt media. That a disturbance must exist inthe diabetic diaphragm itself is proved by the absence of the insulin effect in the diaphragm of alloxan-diabetic comatose rats incubated with serum from alloxan-diabetic non-comatose rats, and by the effectiveness of insulin on the diabetic diaphragm incubated with normal pooled serum.
In any case these results support the view that important factors influencing the normal carbohydrate metabolism of tissue slices are present in serum. Experiments on synthesis of glycogen as well as on respiration demonstrate that the use of serum in place of buffered salt media may lead to entirely different results (Shipley, 1944 'diabetic' serum, or by incubation with serum of insulin-treated alloxan-diabetic rats. In normal pooled serum a distinct increase in synthesis was obtained in 'diabetic' but not in 'normal' diaphragm by addition of insulin.
6. No differences, however, between the synthesis of glycogen in diaphragms of alloxan-diabetic and normal rats were observed in the different salt media.
The effect of insulin in the 'diabetic' diaphragm in buffered salt media was even smaller than that observed in 'normal' diaphragm.
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Vol. 42 7. Glycogenolysis in diaphragm was favoured by potassium but unaffected by insulin. The order of magnitude of glycogenolysis was the same in 'normal' and 'diabetic' diaphragm.
8. Metabolic changes of tissues in vitro may become manifest only in a correspondingly changed medium and may be undetectable in an indifferent salt medium.
